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Abstract

Purpose of Review Cardiovascular (CV) disease is a major cause of mortality in type 2 diabetes mellitus (T2D). Dyslipidemia is
prevalent in children with T2D and is a known risk factor for CVD. In this review, we critically examine the epidemiology,
pathophysiology, and recommendations for dyslipidemia management in pediatric T2D.

Recent Findings Dyslipidemia is multifactorial and related to poor glycemic control, insulin resistance, inflammation, and
genetic susceptibility. Current guidelines recommend lipid screening after achieving glycemic control and annually thereafter.
The desired lipid goals are low-density lipoprotein cholesterol (LDL-C) < 100 mg/dL, high-density lipoprotein cholesterol
(HDL-C) > 35 mg/dL, and triglycerides (TG) < 150 mg/dL.

Summary If LDL-C remains > 130 mg/dL after 6 months, statins are recommended with a treatment goal of < 100 mg/dL. If
fasting TG are >400 mg/dL or non-fasting TG are > 1000 mg/dL, fibrates are recommended. Although abnormal levels of
atherogenic TG-rich lipoproteins, apolipoprotein B, and non-HDL-C are commonly present in pediatric T2D, their measurement
is not currently considered in risk assessment or management.

Keywords Dyslipidemia - Insulin resistance - Type 2 diabetes - Cardiovascular risk - Pediatric

Introduction cholesterol (VLDL-C), non-HDL-C, small, dense LDL-C,

and apolipoprotein B100 (apo B) concentrations [2-5].
Dyslipidemia is highly prevalent in children and adolescents
with type 2 diabetes mellitus (T2D). Prominent risk factors
including obesity, insulin resistance (IR), hypertension, and
sedentary lifestyle tend to cluster in at-risk children. As T2D
is an important independent cardiovascular (CV) risk factor, it
is essential to recognize and manage dyslipidemia to prevent
the anticipated CV morbidity.

The typical dyslipidemia pattern in T2D includes elevated
serum triglycerides (TG), decreased high-density lipoprotein
cholesterol (HDL-C), and, occasionally, elevated low-density
lipoprotein cholesterol (LDL-C) levels [1]. The other less
commonly evaluated, non-conventional lipoprotein abnor-
malities include elevated very low-density lipoprotein  Dysregulated Triglyceride Metabolism

Pathophysiology and Patterns
of Dyslipidemia in Type 2 Diabetes

Insulin regulates lipid metabolism and cholesterol homeosta-
sis. Concurrent obesity, metabolic syndrome, and hyperglyce-
mia further worsen the dysregulated lipid metabolism in chil-
dren and adolescents with T2D. In this section, we review the
relevant lipid and lipoprotein abnormalities.

Circulating TGs are a mixture of TG-rich lipoproteins
This article is part of the Topical Collection on Pediatric Type 2 and ~ (TRLPs), i.e., chylomicrons, chylomicron remnants, VLDL-

Monogenic Diabetes C, and intermediate-density lipoprotein cholesterol (IDL-C),

each with varying cholesterol and TG concentrations.
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VLDL-C and IDL-C have substantial amounts of cholesterol.
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from insulin resistance promotes lipolysis and increased free
fatty acid (FFA) flux into the portal circulation. This is exac-
erbated by the excess consumption of carbohydrates and fats,
which triggers de novo lipogenesis. Elevated FFA can stimu-
late insulin secretion. Chronically elevated FFA in the liver
and muscle worsen insulin resistance, ultimately leading to
accelerated (3-cell destruction and insulin deficiency. The in-
creased FFA flux promotes TG production and hepatic secre-
tion of the TG-rich VLDL-C.

VLDL-C secretion is dependent on TG availability, which
is dependent on FFA availability. Despite the milieu of IR, the
liver remains sensitive to the effect of insulin on net lipid
synthesis [7]. The transcription factor sterol response
element-binding protein-1¢ (SREBP-1c¢) is considered the ma-
jor transcriptional factor that regulates hepatic de novo lipo-
genesis [8]. Elevated insulin levels stimulate VLDL-C and TG
secretion by regulating the SREBP-1c, promoting increased
TG incorporation and formation of larger VLDL-C particles
[9]. Consumption of a carbohydrate-rich diet can stimulate
significant insulin secretion in youth which leads to chronic
stimulation of VLDL-C secretion. It has been postulated that
hyperglycemia also stimulates the formation of larger VLDL-
C via the carbohydrate-responsive element-binding protein
[10]. Increased apo B production in the liver leads to impaired
catabolism of VLDL-C, further increasing the VLDL-C con-
centration in circulation [11].

The lipases, lipoprotein lipase (LPL) and hepatic lipase,
hydrolyze TGs to FFA. Typically, insulin stimulates the ac-
tivity of LPL. Due to the relative insulin deficiency and/
or insulin resistance in T2D, TG hydrolysis is impaired
[12]. In general, fasting TG concentrations are usually
representative of VLDL-C.

Chylomicrons are produced in the enterocytes from dietary
lipids which primarily serve as the transport vehicle for triacyl
glycerols, packaged with apoB48. Chylomicrons are typically
cleared from circulation within 2 h of food intake by LPL-
mediated hydrolysis. Persistence of chylomicrons in the blood
following a fast is indicative of dysfunctional LPL activity. At
TG concentrations of > 880 mg/dL, chylomicrons predomi-
nate compared with VLDL-C. Individuals with multiple pre-
disposing genetic variants have a predisposition to develop
hyperchylomicronemia in the presence of clustering of risk
factors such as obesity, metabolic syndrome, and T2D [13].
In patients with T2D with elevated fasting hypertriglyc-
eridemia, postprandial TGs are 2—4 times elevated depending
on the fat content of the meal. When LPL activity is defective
from relative or absolute insulin deficiency in these patients,
any additional TG entering the plasma will increase the TG in
a non-linear fashion. Furthermore, increased consumption of
dietary fat also leads to increased apo B48 production from the
enterocytes leading to increased production of chylomicrons.
Adults with T2D have also been demonstrated to have elevat-
ed Apo C-III levels, promoting hyperchylomicronemia.
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It has been proposed that although initially the FFA flux
causes increased apo B production [14], when sustained, it
may inhibit apo B secretion while at the same time inhibiting
apo B degradation [15]. The net effect is an increased avail-
ability of apo B resulting in increased VLL-C and non-HDL-C
secretion [16, 17]. T2D has additionally shown altered gene
expression of proteins including Niemann-Pick C1-Likel
(NPLIL1), ATP-binding cassette protein G5/8, and micro-
somal triglyceride transfer expression, further contributing to
chylomicronemia [18].

An overall decrease in clearance of the TRLPs also con-
tributes to the elevation in serum TG levels. Hydrolysis of
TRLPs produces TRL remnants that are typically enriched
in cholesterol and apo E but depleted in TG. TRL remnants
can contribute to early atherosclerotic lesions either by direct
penetration of the arterial walls where the wall is permeable
[19] or can activate an inflammatory cascade by elevated FFA
and lysolecithin levels [19, 20]. Although LDL-C is consid-
ered the most atherogenic component, other apo B-containing
lipoproteins, TRL remnants and Lp(a) have now been thought
to contribute to intimal cholesterol deposition, principally as
they contain a comparable number of cholesterol molecules
per particle as LDL-C [21, 22].

Abnormalities in LDL-C and HDL-C

Patients with T2D tend to have lower HDL-C concentra-
tions partly from obesity and hypertriglyceridemia [23,
24]. Cholesterol ester transfer protein (CETP) mediates the
exchange of TGs from VLDL-C and chylomicron remnants
to LDL-C and HDL-C. In T2D, enhanced TRLP levels up-
regulate CETP activity, leading to TG enriched LDL-C and
HDL-C [25, 26]. With the enhanced hepatic lipase activity
with insulin resistance and lipolysis of TG, smaller dense
LDL-C particles are formed. This is apparent in metabolic
syndrome, where normal LDL-C levels may be accompa-
nied by the LDL-C particles that are denser [27]. Small
dense LDL-C, the so-called pattern B, is known to be more
atherogenic. LDL-C atherogenicity is dependent at least in
part on its oxidisability, which is increased by
hyperglycemia.

Moreover, lower levels of apo A-I and HDL-C levels are
seen in T2D. Apo A-I, associated with TG-enriched HDL-
C, has lesser affinity for smaller, denser HDL-C [28, 29].
This leads to dissociation of apo A-I and enhanced clear-
ance. There is also evidence to suggest reduced apo A-I
formation in patients with T2D, leading to a net lower apo
A-Ilevels [30]. Patients with T2D tend to have lower HDL-C
concentrations partly from obesity and hypertriglyceridemia
[23, 24]. The MESA study identified that HDL particle
number rather than the cholesterol content predicted the func-
tionality [31].
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Apolipoprotein B (Apo B) Changes

There are two Apo B lipoproteins: apo B48 transports the
chylomicrons and apo B100 transports the atherogenic lipo-
proteins such as VLDL-C, IDL-C, and LDL-C. As previously
mentioned, dyslipidemia in T2D is characterized by elevated
apo B concentration (reduced clearance and increased synthe-
sis). Multiple studies thus far have shown elevated apo B
levels in obesity, metabolic syndrome, and T2D, i.e., condi-
tions with mixed dyslipidemia [3, 5, 32-36]. The more con-
ventional use of LDL-C and TG levels may underestimate the
significance of the dyslipidemia in children and adolescents
with T2D. In the pediatric First Nation children study, in the
presence of elevated TG, only 25% had an elevated LDL-C
level compared with 37% with an elevated apo B level [32].
Conventional clinical screening and management of dyslipid-
emia with a traditional lipid profile may not be as sensitive to
detail the overall atherogenic risk [37] and underestimate the
severity of dyslipidemia in children and adolescents with
T2D, detailed lipoprotein analysis including apo B measure-
ments may be indicated in children and adolescents with T2D.

Elevated Non-HDL Cholesterol

Non-HDL cholesterol (non-HDL-C) can be derived by
subtracting HDL-C from total cholesterol, which is a measure
of all apo B 100 containing particles (LDL-C, VLDL-C, IDL-
C, TRL remnants). Non-HDL-C is relatively unaffected by the
non-fasting status and forms a reliable screening measure in
children [38]. Since VLDL-C and IDL-C are elevated in T2D,
non-HDL-C is usually elevated. In the PDAY study, an in-
crease of 30 mg/dL non-HDL-C was associated with increase
in the severity of atherosclerotic lesions [39]. Despite its clin-
ical utility, clear guidelines on the management of non-HDL-
C are lacking. In the 2011 National Heart, Lung, and Blood
Institute (NHLBI) guidelines for pediatric dyslipidemia, T2D
is classified as a high-risk condition and children with non-
HDL-C > 145 mg/dL (95th percentile) merit treatment with a
goal to bring it down to < 120 mg/dL (< 85th percentile) [40].
According to the NLA, T2D is a high-risk condition for
ASCVD, and if a child or adolescent has a non-HDL-C 1 of
> 145 mg/dL, then additional follow-up and management are
recommended; however, specific targeted goals for non-HDL-
C with T2D have not been established [41]. The ADA and
ISPAD guidelines do not specifically incorporate non-HDL-C
in the management algorithm [42, 43]. This may represent a
source of ambiguity in the recognition and management of
elevated non-HDL-C in pediatric T2D.

Relevance of Lipoprotein(a)

Lipoprotein(a) [Lp(a)] is a highly atherogenic lipoprotein that
attaches to the apo B100 moiety of LDL-C particle. Current

evidence in adults suggests a link between Lp(a) concentra-
tions and a variety of CV related outcomes [44—48].
Currently, there are no established Lp(a) lowering strategy in
youth. The data that support screening for Lp(a) is emerging.
Information about a child’s Lp(a) level may help the provider
establish a global risk assessment and reiterate the importance
of heart-healthy lifestyle to the family, with potential for cas-
cade screening in the future [49].

Epidemiology and Lipid Trends in Children
and Adolescents with T2D

In parallel with rising rates of obesity, the prevalence of T2D
in children has continued rising, disproportionately affecting
racial and ethnic minorities. In the USA, T2D prevalence in
non-Hispanic Whites is 5.5%, and among non-Hispanic
Blacks is 37.6% [50].

The SEARCH for Diabetes in Youth Study included 283
children with T2D and showed that 33% of patients with T2D
had elevated total cholesterol (TC) levels of > 200 mg/dL [2].
The prevalence of LDL-C > 160 mg/dL in children over the
age of 10 years was 9%, and TG >400 mg/dL was also 9%.
Among the older youth, 44% of those with T2D had HDL-C
levels <40 mg/dL. Interestingly, although 24% of those with
T2D had a concentration of LDL-C that would warrant phar-
macologic intervention if the levels were persistent and non-
responsive to diet and lifestyle changes, a very few of those
were receiving lipid-lowering therapy, highlighting the need
for increased awareness among treating providers [2]. The
SEARCH study also illustrated that in youth with T2D who
were in poor glycemic control, percentages with high
TC, LDL-C, and TG concentrations were 65%, 43%,
and 40%, respectively [51].

The Treatment Options for Type 2 Diabetes in Adolescents
and Youth (TODAY) study showed that 4.5% had elevated
LDL-C levels and 21% of children had elevated TG levels
[52]. These children were found to have elevated markers of
inflammation, indicating a favorable milieu for development
of atherosclerosis [52]. Worsening glycemic control was
known to be a significant factor in the worsening of dyslipid-
emia during follow-up of this cohort of patients [53].

Racially stratified data are rare in pediatric T2D. Increased
total cholesterol, LDL-C, TG, and decreased HDL-C have
been reported in a small cohort of African American youth
with T2D [54]. In a study of First Nation children with T2D,
the mean TC, TG, LDL-C, total cholesterol/HDL-C ratio, and
apo B were all significantly higher, and HDL-C was signifi-
cantly lower compared with racially matched controls [32].
Ethnic-specific differences seen in the general population
were also reflected in the TODAY cohort, with lower TG
levels observed in non-Hispanic Blacks compared with both
Hispanic and non-Hispanic Whites [52].
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Data on lipoprotein subclasses in pediatric individuals with
T2D are limited. Table 1 depicts data from recent studies
emphasizing lipoprotein subclass patterns in children with
varying spectra of insulin resistance related conditions, obesi-
ty, and metabolic syndrome with prediabetes to overt T2D.

Current Screening Guidelines
for Dyslipidemia in Children and Adolescents
with T2D

The American Diabetes Association (ADA) and American
Academy of Pediatrics (AAP) have recommended for screen-
ing of dyslipidemia in youth with new onset T2D once glyce-
mic control is established or after 3 months after medication
initiation and annually thereafter [42, 43]. The International
Society for Pediatric and Adolescent and Adolescent Diabetes
(ISPAD) also recommends lipid screening at diagnosis; re-
peating testing for dyslipidemia once glycemic control
has been achieved or after 3 months of initiation of
medication and annually thereafter [43]. If the lipid pro-
file is normal, it is also recommended to screen with a
fasting lipid profile annually thereafter [42].

Current Goals and Recommendations
for Management of Dyslipidemia in Children
and Adolescents with T2D

Treatment of Elevated LDL-C

Optimal goals of lipid levels are LDL-C < 100 mg/dL, HDL-
C>35mg/dL, and TG < 150 mg/dL [42, 43]. If the lipids are
abnormal, the first step is to optimize the glycemic control as
best as possible with lifestyle modifications and incorporation
of' medical nutrition therapy (MNT). The MNT should include
limiting calories from fat to 25-30%, saturated fat to < 7%,
cholesterol <200 mg/day, avoiding frans fats, and aiming for
~ 10% calories from monounsaturated fats for elevated LDL-
C (similar to the American Heart Association step 2 diet).

If LDL-C remains > 130 mg/dL after 6 months of dietary
intervention and optimized glycemic control, statin therapy,
with a treatment goal of LDL-C < 100 mg/dL, is indicated in
children over 8 years of age [42]. In practice, we also screen
for other secondary causes of dyslipidemia including thyroid
function studies prior to starting treatment. Other suggested
serum testing prior to initiation of statin therapy includes se-
rum albumin, renal function testing, and a pregnancy screen as
deemed clinically necessary. Liver function studies and serum
creatinine kinase levels are useful to monitor for future poten-
tial adverse effects. It is important to counsel on the potential
teratogenicity of statins prior to initiation of therapy and
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encourage contraception for females who are sexually active
[59].

Since T2D is a high-risk category ASCVD risk factor, the use
of a high potency, maximally effective, and well-tolerated dose
of statin is optimal. The maximum daily doses studied in pediat-
rics for the various available statins are 40 mg for lovastatin,
pravastatin, and simvastatin; 20 mg for atorvastatin and
rosuvastatin; and 80 mg for fluvastatin. Atorvastatin and
rosuvastatin are recommended as first line in adult guidelines
because of RCTs demonstrating their efficiency in lowering the
ASCVD risk [60]. There is significant evidence from adult trials
that lowering the LDL-C by a statin reduces the CV risk [61].

Studies in children with familial hypercholesterolemia have
established that statins are effective and safe in children [62]. The
risk of incident T2D with statin use has been debated. The pro-
posed mechanisms include impaired insulin secretion, increased
insulin resistance, and increased glucose secretion [63, 64]. In
pediatrics, the available data has been mostly reassuring [65-67].
Though, the data may underrepresent the racial and ethnic mi-
norities in whom the prevalence of T2D is higher. With the
current knowledge, given the overall accelerated increased ath-
erogenic risk with dyslipidemia and T2D from a young age in
children with T2D, the benefits of statin therapy outweigh any
potential risks.

Treatment of Elevated Triglycerides

For elevated TGs, weight reduction, decreasing simple carbo-
hydrates, and increasing dietary n-3 fatty acids are recom-
mended. [68]

TG > 400 mg/dL If the fasting TGs are >400 mg/dL or non-
fasting TGs are > 1000 mg/dL, there is a substantial increase
in the risk of pancreatitis [69]. In addition to optimization of
glycemic control, it is recommended to begin fibrate therapy,
to achieve a goal of <400 mg/dL [42]. Fibrates act through
PPAR-« and downregulate apo CIII, leading to reduced TG
concentrations.

TG < 400 mg/dL Even though we do not have adequate pedi-
atric data on the independent role of TGs on atherosclerotic
CV disease, both fasting and post-hypertriglyceridemia are
recognized as significant CV risk factors. While fasting
hypertriglyceridemia is mostly from elevated circulating
VLDL-C levels, postprandial hypertriglyceridemia is
from VLDL-C, IDL-C, and TRL remnant particles.
The current ADA recommendation does not address
the management of hypertriglyceridemia up to 400 mg/
dL for CV risk reduction in these children, even though
the 2011 NHLBI recommends statin treatment for per-
sistently elevated non-HDL-C >145 mg/dL in children
with mixed dyslipidemia [70-72].
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It is important to concomitantly manage coexistent obesity and
IR. Weight loss is recommended using a multimodal and gradu-
ated approach incorporating lifestyle changes, increasing physical
activity to >5 h/week of moderate to vigorous physical activity
[73], pharmacotherapy, and consideration of bariatric surgery [74].

Severe Hypertriglyceridemia (TG > 1000 mg/dL) Severe
hypertriglyceridemia in patients with uncontrolled diabetes
and those with previous episodes of pancreatitis require inpa-
tient admission and intensive monitoring when the TG levels
are higher than 2000 mg/dL. These levels may also be seen at
diagnosis or anytime during the course of T2D. In our prac-
tice, asymptomatic hypertriglyceridemia between 1000—
2000 mg/dL is treated with fat-free diet along with aggressive
management of hyperglycemia with insulin until the serum
TG concentration is < 1000 mg/dL.

At TG concentrations > 2000 mg/dL, nothing by mouth
(NPO), maintenance intravenous hydration (IVF) and in-
sulin drip at 0.05-0.1 U/kg/h are beneficial even in pa-
tients without diabetic ketoacidosis [75—77], as this helps
in the rapid decline of TG levels. We titrate insulin drip to
maintain blood glucoses between 100 and 200 mg/dL and
initiate dextrose infusions to prevent hypoglycemia.
Ensuring strict glycemic control is indicated [42]. Insulin
therapy has a dual benefit of controlling hyperglycemia
and hypertriglyceridemia in the setting of T2D.

Intravenous regular insulin therapy activates endothe-
lial LPL and enhances degradation and clearance of TG
from the circulation, and insulin inhibits hormone-
sensitive lipase in adipocytes, preventing TG and FFA
release from the adipose tissue [78]. Plasmapheresis is
used as an option to reduce serum TG levels rapidly
and is reserved for symptomatic patients with severe

hypertriglyceridemia and pancreatitis, end organ failure,
or shock.

Effect of Concurrent Therapeutic Strategies for T2D
on Dyslipidemia

There is emerging data on additional therapeutic strategies for the
management of pediatric T2D. Table 2 provides a summary of
some of the important studies that have evaluated the effect of
these therapeutic options on dyslipidemia.

Ongoing Clinical Studies for Dyslipidemia in T2D

There is some data in adults that antisense-mediated lowering
of apo CIII by volanesorsen improves dyslipidemia and insu-
lin sensitivity in T2D [93]—this is yet to be studied in children
with T2D. In adults 18 years and older, pemafibrate, a selec-
tive PPAR modulator that reduces TG levels by 35-45%, is
being evaluated in PROMINENT (Pemafibrate to Reduce
Cardiovascular Outcomes by Reducing Triglycerides in
Patients with Diabetes), in a phase 3 ASCVD outcomes
study of ~10,000 patients with T2D and HTG
(NCT03071692). A phase 2 trial of IONIS-ANGPTL3-
Lgx (this acts primarily within hepatocytes to block pro-
duction of hepatic ANGPTL3) in patients with T2D,
hepatosteatosis, and TG >200 mg/dL is underway
(NCT03371355) in adults. Some of the ongoing clinical
trials aim to test newer medications whose primary out-
come is improving glycemic control in pediatric pa-
tients, with dyslipidemia being studied as a secondary
outcome of the study get another ongoing studies in-
clude clinical trials on the safety and efficacy of
ertugliflosin, an SGLT-2 inhibitor (NCT04029480), a

Table 2 Effect of current therapeutic strategies on dyslipidemia in type 2 diabetes in children

Medication/therapeutic strategy TG/VLDL-C HDL-C

(references)

LDL-C

Comments

Low-carbohydrate diet [79-81] !
Mediterranean diet [82, 83] l 1 !
Insulin [52, 53, 84] !
Metformin [52, 53, 84, 85] |

Mostly cohort studies with short term data

Mostly cohort studies with short term data

Significant when A1C <8%

TODAY study: 55.9% of the youth remained at the LDL-C
goal of < 100 mg/dL over the first 3 years. Levels of TG,
apo B, and non-HDL-C rose from baseline to the end of the
first year and remained at a higher level for the next 2 years.
Only improved glycemic control and weight loss have been
associated with improvement in lipid levels

Liraglutide [86, 87] ! > > No differences were apparent in longer term studies. Unclear
if the results due mostly normal lipids at baseline/limited
sample size

Bariatric surgery [88-92] ! i Mild | Minor complications were higher in adolescent studies.

TG triglyceride, VLDL-C very low-density lipoprotein cholesterol, HDL-C high-density lipoprotien cholesterol, LDL-C low-density lipoprotein

cholesterol
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DPP-IV inhibitor, sitagliptin (NCT01760447), and a
GLP-1 analog, albiglutide (NCT03015519).

Conclusions

Dyslipidemia is exceedingly common in children and adoles-
cents with T2D. In the presence of T2D in a metabolically un-
healthy child with obesity, there is clustering of several CV risk
factors, compounding the risk of morbidity and mortality in
adulthood. Current guidelines for management of dyslipidemia
in T2D do not consider non-HDL-C, apo B, small dense LDL-C,
and triglyceride rich lipoproteins. Studies are warranted to further
elucidate the accurate risk assessment and optimal therapies in
the management of dyslipidemia in pediatric T2D.
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